drug action. Others begin on the first postoperative day. Ideally prophylaxis should begin before surgery and as soon as the patient is put to bed provided that the surgeon concerned is satisfied that there is no special risk of added bleeding. Therapy will generally be shorter in patients requiring general and gynmcological surgery than among accident and orthopedic cases because independent mobility is achieved sooner. Seven to fourteen days of therapy may be sufficient in most of them.
Surgeons are naturally concerned about the risk of operative and post-operative himorrhage but courage is gained with experience and there is now sufficient evidence that there is little or no added risk of operative bleeding even when thoracic, abdominal, prostatic and other major surgery is done under anticoagulant therapy at therapeutic levels of prothrombin time.
It is now common practice to institute anticoagulant therapy in patients with myocardial infarction in an attempt to prevent further coronary thrombosis. Short term therapy (for about four to six weeks) does reduce the fatality rate but much if not all the benefit seems due to preventing pulmonary embolism rather than a recurrence of coronary occlusion (Gilchrist & Tulloch 1956 , Honey & Truelove 1957 , Richards 1962 . Similar reasoning would suggest that prophylaxis by oral anticoagulant drugs would be of benefit in many other medical patients exposed to the dangers of deep vein thrombosis from venous stasis. Indeed the incidence of pulmonary embolism and mortality in congestive cardiac failure is reduced by anticoagulant therapy (Anderson & Hull 1950 , Honey & Truelove 1957 . Anticoagulant drugs have been used in acute cerebrovascular episodes, acute embolism or thrombosis in peripheral arteries, mesenteric artery thrombosis, retinal vessel occlusion and other arterial diseases. Whatever merits or otherwise they have for these conditions, there is evidence that some lives can be saved by preventing the complication of pulmonary embolism. Obviously proper studies, preferably controlled clinicopathological trials, are required to define the indications and limitations of therapy in these and other medical states.
Dr Muriel E Sidaway (Charing Cross Hospital, London) 
Diagnosis of Pulmonary Embolism by Angiography
In recent years there has been increased interest in the diagnosis and treatment of pulmonary embolism, partly due to a greater reported incidence and partly to the successful application of cardiopulmonary by-pass to embolectomy. The diagnosis of pulmonary embolism is notoriously difficult by conventional radiography, since the chest X-ray may be normal.
On the plain film there may be evidence of right ventricular enlargement and prominence of the pulmonary arterial root due to the increased right ventricular pressure. The diminished vascularity occasionally shows as a clarified area in the lung periphery but in most cases is not detectable. Only in the presence of an associated pulmonary infarction are the classic radiological appearances seen on a plain X-ray. The triad consists of a raised diaphragm on the affected side, a pleural reaction when the lower lobes are involved and a typical wedge-shaped opacity in the peripheral lung field. Unfortunately these signs are rarely present or may even be misleading and in our experience pulmonary angiograms have proved the most reliable diagnostic investigation.
As soon as a pulmonary embolism is suspected clinically a pulmonary angiogram is an emergency procedure. The patient is sedated and a No. 7 or 8 NIH angiographic catheter is guided under fluoroscopic control into the main trunk of the pulmonary artery. Catheterization from an arm vein is preferred since it is easier to position the catheter and legs may be involved in the thrombotic process. Pressures are taken in the right ventricle and main pulmonary artery to ascertain if there is any pulmonary hypertension. Then 40-50 ml of Conray 480 (sodium iothalamate) or Hypaque 85% (sodium diatrizoate) is introduced by an automatic pressure injector at a pressure of 60 lb/in2, an ECG being recorded simultaneously. Multiple anteroposterior X-rays at 4 or 6 per second are taken by an automatic film changer, filming being continued for five or six seconds, when the medium will have reached the pulmonary veins and left atrium. A further series of films is sometimes taken in an oblique position to demonstrate a doubtful area. Occasionally the catheter is advanced to one of the major branches and an injection made at this point, taking film of one lung field only.
Large emboli are readily diagnosed as a filling defect with a deficient vascular bed distally but smaller ooclusions or defects may be more difficult. Ormond, Gale, Drake & Gahagan (1966, Radiology 86, 658) report that the smallest vessel likely to be identified is a fourth or fifth division artery. In subacute cases, where there may be atelectasis, there is reduction in the flow of contrast medium and opacification occurs later and persists longer than in the normal lung. Occasionally the arteries proximal to the occlusal site may be dilated. It is essential to examine the whole film series carefully since lamina flow of unopacified blood may give apparent filling defects in some of the smaller branches.
The following cases illustrate the advantages of pulmonary angiography.
Case 1 V C, woman aged 23 Admitted collapsed twenty-four hours after delivery of a premature infant, labour lasting about three hours. Three weeks prior to parturition there was pain and swelling in the left leg followed by slight breathlessness a week later. She was shocked on admission but there were no localizing physical signs. The chest X-ray showed prominence of the main pulmonary artery and decreased vessels in the left lung and right mid and lower zones. The pulmonary angiogram showed complete occlusion of the left pulmonary artery with a minute trace of medium in one mid-zone vessel. There was partial obstruction of the right pulmonary artery, the thrombus extending and blocking the lateral segmental artery of the middle lobe, and the lateral basal segmental artery. Pulmonary embolectomy with the patient on cardio-pulmonary by-pass confirmed the angiographic findings.
Case 2 R C, woman aged 39 Sudden onset of dyspnoea and tachycardia eleven days after a bilateral Trendelenburg for varicose veins. On admission there was evidence of right ventricular failure but the chest X-ray was normal. A pulmonary angiogram showed a block in the left pulmonary artery involving the anterior segment of the left upper lobe, with thrombi in some of the left lower lobe arteries. It was decided that the extent ofthe embolism did not warrant embolectomy and a further angiogram is planned in the future.
Case 3 H S, man aged 39 Admitted with a sudden onset of dyspnoea, tightness across the chest and a cough. During the previous six months there had been four attacks ofpalpitations and dyspnoea lasting for a few minutes. Two years prior to this admission there was a history of thrombophlebitis in the left leg following a motor-scooter accident. On admission there was tachycardia and atrial gallop at the left sternal border. The chest X-ray showed large right ventricle, prominence of main pulmonary artery and diminished vessels in the left lung. Since there was doubt as to the clinical diagnosis a right ventricular angiogram was done, followed by a left pulmonary angiogram. There was almost complete block of the left pulmonary artery, except for the branch supplying the anterior segment of the upper lobe. The thrombus extended as far as the main bifurcation ofthe artery. A pulmonary embolectomy confirmed the angiographic findings.
Recently we have experimented in the use of cine-angiography with a routine 85 mm lens and 35 mm film, panning the image during injection of the medium. We have also used a magnifying lens of 152 mm, filming each lung field separately. Cine-angiography is satisfactory to demonstrate large emboli in the major branches but multiple films are indicated to show the smaller emboli.
In spite of the critical condition of many patients, the procedure produces few complications. Injection of the contrast medium elevates the pressure in pulmonary artery and right ventricle but these return to preinjection level in 5-10 minutes. A catheter in a ventricle may produce a temporary arrhythmia, although we have not experienced this complication in pulmonary angiography. The objection is often raised that a pressure injection will push the thrombus into the more peripheral vessels but, if this does occur and we have no evidence to support it, it will be remedied at embolectomy.
The use of isotopes in medicine has resulted in their application to the diagnosis of pulmonary embolism. A radioactive material is injected and the lung field scanned. Although the method is simpler and results in less upheaval to the patient, possibly being done at the bedside, many authors quote false positives.
In any case, where pulmonary embolectomy is considered, it is essential to have a pulmonary angiogram to localize and define the extent of the occlusion. This should be carried out as an urgent procedure since adopting a fatalistic and timid attitude in the initial phase may prevent satisfactory treatment.
Mr L D Abrams (Birmingham) read a paper entitled Diagnosis and Management of Massive Pulmonary Embolism Mr M Paneth (Brompton Hospital, London) read a paper entitled Surgery for Massive Pulmonary Embolism (see: Brit. J. Surg., 1967, 54, 468)
